The essential oil content and composition of "sweet marjoram" (Majorana hortensis Moench.) cultivated in the Kumaon region of the w estern Himalayas was studied at different ages of the crop. The samples were taken after 60, 90, 120 an d 150 day s of transplanting. The esse ntial o il contents vari ed from 0.20 to 0.70 %. The essential oil was analyzed by GC and GC-MS. Twenty eight components, representing 96.53-98.44 % of the oil, were identified. The major essential oil co nstituents, viz., cis-sabinene hy drate ( 37.05-47.49 %), terpinen-4-ol (14.45-16.22 %) and trans-sabinene hydrate (5.81-6.97 %) showed considerable variation in their concentrations in relation to crop age.
INTRODUCTION
Majorana hortensis Moen ch. co mmonly known as "sweet marjoram" is a member of the family Lamiaceae. It is a perennial herb native to Cyprus and eastern Mediterranean countrie s. 1 The plant is propagate d by seeds and tender s tem cuttings. This plant is characterized by a strong, sweet, spicy pleasant odour. The leaves are used fresh or dried and are highly esteemed as a condiment for seasoning food products. The aerial parts of the plants are used for the isolation o f oil, which ha s many uses in the flavou r, perfum ery and pharm aceutical industries. In the food ind ustry, it is mainly used as a spice in sausages, but its use in baked goods, processed vegetables, condime nts, soups, snack foods and gravie s has also been reported. 2 In addition to this, marjoram is well known for its m edicinal 3 and insecticidal val ues. 4 The pla nt is also repo rted to possess anticancer, 5 antioxidant 6 and antifungal properties. 7, 8 The essential oil com position of m arjoram was investigated by a num ber of workers in di fferent count ries [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] but it has been the subject of li mited invest-
tigation from India. 20, 21 The time of harvest or harvesting stage, in general, is in close relation to the yield and quality of the essential oil and it varies from place to place and from plant to plant. [22] [23] [24] [25] Therefore, it is essential to determ ine the proper harvesting tim e for aromatic plants to obtain a better y ield and qualit y of the essential oil. A review of the literature revealed that there are no reports on the effect of crop age on the yield and composition of the essential oil of M. hortensis from the western Himalayas, India. Therefore, in the present investigation, the essential oils obtained from crops of different a ge were co mpared for yield and chemical composition. 
Isolation of the essential oils
Freshly harvested samples were immediately subjected to hydro-distillation in a Clevenger ty pe apparatus for 3 h for extraction of the essential oi l. The oils were collecte d, dehydrated with anhydrous sodiu m sulphate, measured and kep t cool in th e da rk prior to a nalysis.
Gas chromatography (GC)
GC analyses of the oil samples was realised using either a Perkin-Elmer Auto XL GC or a Nucon ga s c hromatograph model 5765 eq uipped with FI Ds and two dif ferent stationar y phases, PE-5 (50 m×0.32 mm, 0.25 µm fil m coating) and BP-20 (coated with a Carbow ax 20M, 30 m×0.32 mm ×0.25 µ m fil m thickness) fu sed silica capillary colu mns, respectiv ely. Hydrogen was the carrier gas at a flow rate o f 1.0 mL/min. The te mperature of the colu mns was programmed from 100 to 280 °C at 3 °C/min (for the PE -5) and fro m 70 to 230 °C at 4 °C/min (for the BP-20). The inj ector and det ector temperatures were 220 and 300 °C on t he PE-5 and 200 and 230 °C on the BP-20 columns, respectively. The injection volume was 0.02 µL neat and the split ratio was 1:30.
Gas chromatography -mass spectrometry (GC-MS)
The GC-MS spectra were recorded on a Perkin-Elmer Auto System XL GC coupled to a turbo mass spectrometer, usin g a fused silica capillary colu mn, PE-5 (50 m×0.32 mm , film thickness 0.25 μm). The colu mn te mperature wa s progra mmed 100-280 °C at 3 °C / min, using helium as the carrier gas at a constant pr essure of 69 kPa. The MS conditions were: E I mode, 70 eV; ion source temperature, 250 °C.
Identification of compounds
The identification was realised based on the retention time, the Kovats Index, an MS Library search (NIST & Wiley), the n-alkane (C 9 -C 22 ) hydrocarbon pattern (Ni le, Italy) and by comparing the mass sp ectra w ith MS literatur e data. 26, 27 The relative a mounts of the indi vidual components were calculated based on the GC peak areas without using correction factors.
RESULTS AND DISCUSSION
The essential oil y ield and terp enoids composition together with the crop ag e/ /phenological stage are pre sented in Table I . The M. hortensis crop harvested at 150 days, flowering stage, produced a h igher yield of essential oil (0.70 %) than those harvested at 120 day s (flower initia tion; 0.66 %), 90 day s (late vegetative stage; 0.32 % ) and 60 days (early vegetative stage; 0.20 % ). Apparently, the d ynamics of the essential oil content in marjoram is metabolically regulated during the vegetative and flowering stages of crop growth. In most aromatic plants, the essential oil preferentially accu mulates during the flowering stage, probably due to its ecologi cal role in att racting pollinators and as a defence mechanism. A s imilar variation in the essential oil content was registered for other aromatic crops. [23] [24] [25] Twenty-eight co mpounds, co mprising 96.53-98.44 % of the total, were identifi ed with the help of GC and GC-MS (Table I ). The chem ical formulae of the major components, compounds 1-3, are shown in Fig. 1 . The experiments performed under c ontrolled as well as under field conditions indicated the influence of environmental factors, such as light, tem perature, etc. on the monoterpene metabolism of aromatic crops, which resulted in marked variations in their essential oil com positions. [28] [29] [30] [31] Therefore, thes e variations in the essential oil content and com position of M. hortensis might be due to variation in enzyme levels an d their pool sizes in response to changi ng weather conditions during different months.
CONCLUSIONS
The sweet marjoram grown in the hill y tracks of northern India belongs to the cis-sabinene hy drate chemotype. Based on the e ssential oil content, the flowering stage (150 days) could be considered as the best harvesting time for sweet marjoram, but the flavour compounds of marjoram consist mainly of light oxygenated com pounds; reports concerning t his oil alwa ys refer to cis-sabinene hydrate, 32 the content of whic h was lowest at da y 150. Therefore, it is judicious to harvest and distil M. hortensis crop at the flower initiation stage, i.e., at day 12 0 under the sub-temperate conditions of north India in order to obtain a good yield of quality oil.
